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)6. Ab«u«ct 

study of' the changes in electronic structure related to trans- 
port phenomena occurring during the alloying of the alloy 
Ni^Mn with iron and cobalt and during the ordering of the 
ternary alloys thus formed. This study is performed by 
measuring the Hall effect,' the absolute thermal emf, the in- 
ternal saturation induction, the Nernat-Ettingshausen constant, 
and the electrical resistivity. It is shown that, when the 
alloy Ni,Mn is alloyed with iron and cobalt and the ternary 
alloys thus formed become- ordered, a decrease in the contri- 
bution of hole sections of the Fermi surface to transport 
phenomena occurs together- with a considerable increase in the 
contribution, of electron sec*:ions. In this case, the mobility 
of 3d holes decreases and the mobility of 4s electrons 
increases considerably. 
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STUDY OP CERTAIN FEATURES OP THE ELECTRONIC STRUCTURE OF THE TERNARY 
alloys NlaCMn. Fe) and Nijdlln, Co) 

V. M. Zhukova and V. P. Fadin 
Tomsk State University, Tomsk 


1. The alloy NiaMn is a typical ordered alloy of transition 
metals. It is shown in a series of studies [1-5] that alloying 
of the alloy NiaMn with iron and cohalt euffects msiny of its 
properties differently, specifically the parameters of the elec- 
tronic structxire, which are associated with transport phenomena 
[2-41 , The nature of the indicated effect is not cleai*. 
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One may obtain the most complete information on the elec- 
tronic structure of the metals by using the anomalous skin effect 
method, the fie Gaas-Van Alfen effect method, the magnetic acoustic 
effect method, and others. However, the enumerated methods are 
applicable for materials for which large times of relaxation of 
the electrons of conductivity are characteristic. Therefore, they 
are unsuitab’.i for the study of the electronic structure of alloys 
(especially alloys of transition metals) . The methods of measure- 
ment of the Hall effect, the absolute thermoelectromotive force S, 
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the internal saturation induction • the Nernst-Ettingshausen 
constant Qq and the specific resistivity p are very sensitive to 
changes in the electronic structure of the alloys [6] . 

In the current study* the indicated methods were used to 
study the change in certain parameters of the electronic structure, 
associated with transport phenomena, for alloying of the alloy 
NisMn with iron and cobalt and for ordering of the ternary alloys 
which form in this case. 

2. The composition of the studied alloys, in atomic is 
given in table 1. The alloys were smelted in an induction furnace 
from initial materials of technical purity (alloys with iron), and 
a puvity of 99.99JS (alloys with cobalt). The ingots of the alloys 
were forged into bars after homogenization (at 1200° C for three 
days), and then rolled out into a strip 0.12 to 0.10 mm thick. 

Utilized as the characteristics of state of the alloys were 
the magnitudes of S, p , and listed above, and the normal Hall 
constant Rq . 

The Hall and Nernst-Ettingshausen electromotive forces were 
measured on three-lobed samples according to the procedure in 17,8] . 

The procedure of measurements for S and p is described in (4] . 

The disordered state of the alloys was achieved by their /l9 

heating to 1000° C, holding at the given temperature for two 
hours, and subsequent water quenching. Ordering of the alloys 
was carried out accordin/j to the conditions described in (31 • 

3. According to the four-band model of metals and alloys 
(91, in the case of negligibly small conductivity of the 3d band, 
the relationship 

'I' (1) 

is fulfilled, where n^ is the number of s-electrons, Euid n* is the 
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effective number of charge carriers In the metal or alloy. 
Consequently, relationship (1) may serve as the criterion of the 
relative contribution of the holes to the transport phenomena of 
the metals and alloys. In the case where relationship (1) Is not 
fulfilled for the studied metal or alloy, then holes make a sub- 
stantial contribution to the transport phenomena. The effective 
number of charge carriers may be calculated according to the 
relationship [10 ] 
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where e is the electron charge, and n is the number of atoms per 
unit of volume of metal or alloy. 

Presented in figure 1 are the concentration dependences of 
Rq for the disordered eilloys of quasibinary section NisMn— NisFe 
(curve 1) and NisMn — NiaCo (curve 2). It is evident that alloying 
of the alloy NiaMn with iron and cobalt has a substantially 
different effect on the nature of the change in the normal Hall 
constant Rq. If the concentration dependence of Rq of the alloys 
with iron has a monotonously diminishing nature, then, in the case 
of alloys with cobalt, it drops to C«4 atomic % Co, increases with 
4 atomic Co < C < 9 atomic %% and then decreases again. 


Given in table 2 are the values of Rq, n*, n^ auid 
studied alloys. 


for the 



According to the data in [11]. 



The very small positive value of Rq (see table 2 and figure 1) 
for the disordered alloy NiaMn indicates the slightly differing 
contributions of the hole and electron sections of the Fermi 
surface (PF) in it. In this case* it is necessary to note that 
the sign of Rq» in the genered case# depends o:i the tensor of the 
inverse effective mass l/m*. If the Fermi surface differs con- 
siderably from a sphere, then xhe components of the tensor m2iy 
have different signs in different (or even in the same) st^ctions 
of the Fermi surface. Therefore, individual sections of the 
electron Fermi surface may give a positive contribution to R^ , 
while individual sections of the hole Fermi surface msiy give a 
negative contribution. However, a large portion of the electron 
Fermi surface gives a negative contribution, and the hole Fermi 
surface gives a positive contribution, to R^ . Consequently, /20 

hole (3d-holes) sections of the Fermi surface make a substantial 
contribution to the transport phenomena of the disordered alloy 
NiaMn. 

The replacement of a relatively small amount (C s 4.8 atomic 
J5) of manganese in the alloy NiaMn with iron disrupts the 
approximate equality of the contributions of the electron and hole 
sections of the Fermi surface to R^. Therefore, in spite of the 
slight changes in the structure of the 3d-band in this case [2-4] , 
there occurs a considerable change in R^ (see figure 1 and table 
2) . Similar effects were observed in a number of other alloys 
(during their alloying) , and in metals as well (with a change in 
temper atiire) [9, 12, I3I. 

It is evident from analysis of the data in table 2 that, for 
the ternary alloys Nia (Mn, Fe) with a relatively small iron con- 
centration, condition (1) is not fulfilled. Consequently, in the 
indicated alloys (in spite of the negative values of R^), the hole 
sections of the Fermi surface make a substantial contribution to 
the transport phenomena. With a subsequent increase in the iron 
concentration (C> 4.8 atomic %) in the alloys Ni3(Mn, Fe) , the 
contribution of the hole sections of the Fermi surface to R^ de- 
creases (and the contribution of the electron sections increases 
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accordingly) » and with C=9 atomic Fe becomes negligibly small. 
As is evident from table 2, for the latter alloy, n*«n . Conse- 

9 

quently, only the s-electrons are charge carriers in the given 
alloy, and, according to [9l» the relaxation times of the s> 
electrons, in both directions of spin, should be roughly equal 
(Tgt»Tsi). The following relationships are obtained in tl4j: 


\lx,f (Er)~ Ndf (Ep) i- p, 

l/t,*(£r) — (£k) -1-P. (3) 

where N +(Ej and N.+(E J are the densities of electron states 
dr dr 

in the dt- and d+-bands, respectively, E is the Fermi energy, 

F 

and 6 is the contribution to s-tlectron scattering because of the 
s — s-transitions, which is usually equal for both directions of 
spin. 


It follows from (3) that, for the alloy Ni + 16 atomic % Mn 
+ 9 atomic ^ Pe , Njt(Ep)«Nj+(Ep) , which agrees with the nature 
of the concentration dependence of the internal saturation in- 
duction of Niadfln, Fe) alloys 131. Evidently, the Fermi level 
of the given alloy in the 3d+-^an<i is located to the right of the 
highest maximum on the curve N,j=f(E) tl4, 2-41. 

A further decrease in Rq , with an increase in the iron 
concentration in the NisCMn, Fe) alloys, is evidently brought 
about basically by a decrease in Nd+(Ep) , since Nj^(Ep) changes 
weakly in this case [2-41 . 

The value n*«ng/2 (see table 2) for the alloy NijFe indicates 
that the 3d+-band is filled, and Njn(Ep)=0. Therefore, the 4s+- 
electrons of the given alloy may be scattered only into the 48- 
band with a low density of state, as a result of which they have 
a high mobility and give a basic contribution to , by lowering it. 

The monotonous and smooth nature of the concentration dependence 
of the Rq of "the NisMn — NiaFe alloys of quasibinary cross section 
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Indicates the presence of a closed Fermi surface In the indicated 
alloys • Actually, if the Fermi surface in the alloy NiaMn were 
open, then, wivh its alloying with iron, the Fermi surface contact 
with the boundary of the zone (and therefore the contribution of 
the holes to Rq) should increase. Therefore, Rq> 0 ^ould also 
increase. The experimental data show a sharp decrease in and 
the contribution of the holes to R^ . The conclusion on a closed 
Fermi surface in the given alloys eigrees with the results in (41 , 
obtained on the basis of analysis of the experimental values of S 
and P, and for the alloy NisFe — with the results in (l6j . The 
comparison of the results, obtained by two (and for the alloy 
NiaFe— by three) independent experimental methods, indicates 
their sufficient reliability. 

The sharp reduction in Rq with alloying of the alloy NiaMn 
with smsdl cobalt additives (curve 2 in figure 1) is evidently 
brought about by the sharp increase in the contribution of the 
electron sections of the Fermi surface to the transport phenomena, 
which is associated with the introduction of two additional 3d- 
electrons by each cobalt atom (Instead of the one introduced by 
an iron atom) into the 3d-band of the NiaMn alloy. The nature of 
the subsequent nonmonotonous course of the concentration depen- 
dence of Rq ( just as that of a number of other characteristics 
D, 51) still remains somewhat unclear. 


The changes in the contributions of the electron and hole 
Fermi su..feces to the transport phenomena may be brought about 
by a change in both the number of charge carriers, and their 
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nobilities. In this cssei the Fermi levels in the d- and s-bands 
should also change. In order to determine the indicated magnitudes! 
it is necessary to know the values of Si and the specific 

electrical conductivity a for the studied alloys. The values of 
S are taken from [4] , the values of o are calcxilated according to 
the vai.ues of p [4] , and Rq and Qq are measured in t/.e given study, 
and given in table 2. By utilizing the experimentally measured 
values of the indicated magnitudes, one can use the relationships 
in [17-20] to determine the values of the mobilities of the 4s- 
electrons and the 3d-holes in the studied alloys. The results of the 
calculations are given in figure 2. It is evident that a decrease 
in the contribution of the hole sections of the Fermi surface, and 
an increase in the contribution of the electron sections of the 
Fermi surface, to the transport phenomena dxiring alloying of the 
alloy NisMn with iron is brought about basically by a decrease in 
the mobility of the 3d-holes (cujrve 1) , and by an intensive in- 
crease in the mobility of the 4s-electrons (curve 2). The still 
more intensive mobility of the s-electrons 5.ncreases with 
alloying of the NiaMn sdloy with cobalt (curve 3) , although the 
concentration dependence of is not monotonous here. The mobility 
of the d-holes in the latter case also falls considerably more 
intensively than in alloys with iron. 

Given in figure 3 are the concentration dependences of the 

mobility u (curve 1) and the time of relaxation t (curve 2) of 
s s 

the s-electrons of the Nia (Mn, Fe) ordered alloys of quasibinary 

cross-section. It is evident from comparison of the curves of 

(see figures 2 and 3) that, with ordering of the given alloys, there 

occurs a considerable increase in the mobility of the s-electrons. 

It is evident from the data in table 2 that, even with C«4.8 

atomic Fe, the vedue of n* approximately satisfies condition (1). 

This indicates the negligibly small contribution of the hole 

sections of the Fermi surface to the transport phenomena of the 

given alloy. 

The trend of the curves u^=f(C) and (C) (see figure 3) 
agrees satisfactorily with the trend of the cuirvre of the density 
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of states N^Bf(s) for the given alloys [15i 5f ^1* With alloying 
of the alloy NlsMn with Iron, the Feml level displaces towards 
the top of the 3<I-^and [5, 4], and, In this case, up to C*9 atomic 
Fe, there occurs a decrease In both and Therefore, the /22 

scattering of s-electrons Into the d-band decreases, while u. and 

9 

Increase accordingly! With C>9 atomic % Fe, the Fermi level In 

the 3df*band passes through a deep minimum of the curve Nj«f(E) 

U5f 5t 4]t therefore, begins to Increase, while continues 

to decrease, which leads to a considerable decrease In , and to 

a slight (very small) decrease In t (In this case, a nearly 

s 

horizontal area Is observed on curve 2 In figure 3) • As the Fermi 
svirface approaches the top of the 3d4-band, Nd^ rapidly decreases 
to zerof therefore, the scattering of s-electrons Into the 3d|-'5and 
decreases rapidly (also to zero), and u^and Increase, reaching 
maximum values In the alloy NlaFe. 

Thus, with alloying of the alloy NiaMn with iron and cobalt, 
and with ordering of the product ternary alloys in this case, 
there occurs a decrease in the contribution of hole sections, 
and a considerable increase in the contribution of electron sections, 
of the Fermi surface to the transport phenomena. In this case, 
the mobility of the 3d-holes decreases, emd the mobility of the 
4s-electrons increases considerably. Clearly manifested on the 
concentration dependences of and of the ordered alloys 
Ni3 (Mn, Fe) is disruption of the monotonous nature, associated 
with the passeige of the Fermi level through the point of the deep 
energetic minimum of the curve of density of states Nj=f(E), 
obtained theoretically in 1151. The given results may serve as 
indirect experimental corroboration of the correctness of the 
cedculations carried out in (151 • 
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